The ever increasing demand for petroleum products has kept the refining industry very active this year. The amount of crude oil refined in 1960 has gone up to 523,500 BCD, an increase of 2.6 times the production of 1956 which was only 205,100 BCD. The yearly increase in the amount of crude oil refined can be seen from the percentage increase in production. In 1957 the amount refined was 12.4% above the previous year. In 1958 it was 10.1% but in 1959 it jumped to 36% above the previous year and in 1960 it further increased to 40% above the previous year. The reason for this remarkable increase is attributed partly to the economical expansion of our country and partly to the switch in the source energy by the various industries.
With regard to the source of crude oil, it can be seen from Table 1 that only 9,200 BCD out of the total of 523,500 BCD refined came from domestic source. The remaining 98% of The Government's policy on allocation of foreign currency for the import of crude oil is pegged on the requirement for gasoline. The shortage in heavy fuel oil is covered by imports. Of the total of 3,176,000 kl of refined petroleum products imported this year most of it was for heavy fuel oil. Petroleum products exported this year amounted to 2,868,000kl which includes bunker fuel oil, naphtha to North America, and various finished products to Far East area. Compared to the growing demand for petroleum products as source for primary energy, the demand for coal has not increased. Consequently, the proportion of consumption of coal has shown a decrease. Although the consumption of fuel from petroleum was only 29% as compared to coal, its consumption has increased steadily, and judging from the condition this year, it is believed that it will exceed the percentage held formerly by coal. The percentage of coal in the primary energy consumed in 1959 was 38%.
Refined Crude Oil
Of the total quantity of crude oil imported into our country in 1960, 80% was of Middle East origin. Of recent, there has been a notable increase in the import of Kuwait crude. In 1958 the Kuwait crude amounted to 26%, but in 1959, it rose to 31.5%, and in 1960 to 35% of the total imported crude. The import of Wafra crude from Neutral Zone in 1960 was 1,594,000kl which is an increase of 2.5 times over the year 1958 . The crude oil from South Pacific area make up 15% of the total import. There have also been a notable increase in the amount of Duri crude and Minas crude. For the source of lubricating oil, some crude are imported from California. As one of the notable trends of recent years there is the increase in the import of poor grade, high viscosity crude. The reason for this trend can be explained from the system of foreign currency allocation . Since each refinery allocation for the import of crude oil depend upon the quantity of crude oil refined, Bulletin of The Japan Petroleum Institute each company is ought to increase the quantity of crude refined by importing cheap crude to make up the quantity.
This trend for the importing of high viscosity crude can be viewed from the another angle which indicates the large demand for heavy fuel oil. At present the consumption of heavy fuel oil is held down by our country's law established to protect the coal industry.
In the near future, however, when foregin trade is liberalized and the law against installation of heavy fuel oil boilers is abolished, it is believed that there will be a big increase in the consumption of fuel oil. Japan will then become a good market for fuel oil.
With the conclusion of Japan-USSR Trade Agreement in the end of 1959, the import of crude oil from USSR has been permitted to certain companies but the quantity being imported is increasing.
The With regard to domestic crude oil, the oil fields are mostly along the coast of Japan Sea. Recently, promising strikes have been made at Sarukawa and Mitsuke. Moreover, strikes at Tsuchizaki offshore drilling have been reported. These new discovered wells have made things interesting for domestic oil production. The domestic crude are refined by the refineries located along the coast of Japan Sea. Of the total crude produced in Japan, 74% are light crudes of mixed base containing paraffin with low sulfur content. The topped residue yields good quality lubricating oil after it has been dewaxed. There is about 18% heavy crude without paraffin, and this kind of crude in general provide source for lubricating oil and asphalt.
Except for the case in two or three large fields, most of the oil fields in Japan are small in scale and, usually, oil are to be collected from several fields before put on stream,
Petroleum Products
The quantity of refined petroleum products pronuced in our country rose to 28,042,000kl in 1960. The production of heavy fuel oil was 51% of the crude refined. When the quantity of heavy fuel oil imported is added to this production amount, the total percentage will be 63% of the petroleum consumed as fuel. as regular gasoline has an octane number of about 85. The proportion of premium gasoline produced is about 10% of the total gasoline. The octane number of gasoline for vehicles is increasing each year and it is predicted that by 1965 the premium gasoline will have a Research octane number of 98, while the regular gasoline octane number will rise to 91. The Japan Petroleum Institute is presently sponsering a large scale research to find out the demand of octane number required by vehicles. All of the tetraethyl lead antiknock agent used for gasoline is being imported at present. The amount imported was 4,650 tons in 1956 but rose to 5,430 tons in 1959. This increase in the amount imported, however, is not in proportion to the increase in production of gasoline. Of recent, the use of tetramethyl lead is being discussed. Where cars with manual transmission are popular, as in Japan, this new additive would probably be of greater demand. Industrial solvents are used in the extraction of soya bean oil, processing of rubber, paints, and for dry cleaning. Its production in 1959 was 84,400kl.
Recently, as a by-product of petrochemistry, normal hexane and high aromatic solvent have made their appearance in the market. With the development of petrochemical industry, it is expected that there will be a change in the market for industrial solvent.
The production of jet fuel in 1960 was 360,000kl.
They are mainly for defense army and civil air transport use.
Kerosene consumption has increaesd with the popular use of kerosene stove in the homes. With the increase of large size trucks and buses, the diesel engines taking place of steam locomotives, the consumption of diesel oil has increased greatly. It is believed that its consumption will continue to increase. For this reason, the obtaining of a large percentage of middle distillate will be a problem in the future.
The demand for LPG which is being obtained from natural gas and refineries has increased tremendously.
It is used mainly in the vicinities of large cities and in the countries and small towns. The LPG produced by the refineries and sold as fuel in 1959 was 197,621 tons and the amount supplied to petrochemical industry was 23,533 tons. The price has gradually been reduced but with the increase in its demand, measures are being taken to import LPG from Middle East area by means of ships with refrigeration facilities. The production of town gas from LPG are being advocated, but research is being carried out to produce town gas by cracking naphtha. The material source of town gas in the future may be one of the major problem in the fuel market.
There has been a remarkable development in the petrochemical industry in our country. The raw material for the industry has been the cracked products of naphtha. The naphtha consumed for cracking in 1959 was 569,000Kl and its yield against total crude distilled was 2.6%.
With the expectant further development of petrochemical industry, the volume of consumption of naphtha is expected to increase tremendously.
In Japan the demand for gasoline is relatively low. Consequently there are relatively few cracking untis which explains the small production for cracked gas. The wide use of LPG in the homes may be partly another reason why the cracked gas supplied to petrochemical industry is relatively small. There is some difference between petrochemical industry of Japan and U. S. in that the petrochemical industry of our country depend on naphtha as the main source of raw metarial.
The lubricants are produced from both domestic crude and imported crude. The percentage taken out from the crude was 4.5% in 1954 but reduced to 2.3% in 1960. The refining techniques, however, for lubricant has improved in our country and it is possible to produce high grade lubricants.
The production of asphalt is increasing. While the production of asphalt was 293,000Kl in 1958, it has increased to 414,000Kl in 1959. With plans being made for the improvement of roads, there will be more demand for asphalt in the future.
Due to the circumstances of the refineries, the heavy fuel oil are obtained mostly by direct distillation.
Since large quantity of Middle East crude are being distilled, there arise the problem of sulfur and vanadium content.
The production of petroleum coke was started 
The Distribution of Refineries and its Sizes
The refineries in our country is distributed along the Pacific coast and along the coast of Japan Sea.
The refineries along the Japan Sea were constructed originally to refine domestic oil but with the increase in demand for petroleum oil products, after the war, the refineries began refining imported crude until at present 60 to 70 percent are imported crudes. The refineries along the Pacific coast, on the other hand, were constructed from the first with the purpose of refining imported crude for supplying to large consuming areas near the refineries. For this reason most of them are large scale refineries. Fig. 1 shows the distribution of our country's refineries. The size of the refineries are increasing each year.
In 1955 the average capacity of production was 14,900 BSD but in 1960 its capacity has increased to 29 ,000 BSD. It is predicted that in 1966 its average capacity will be 59,000 BSD. Table  2 shows the various capacities of the refineries. 
Refining Facilities
At the beginning of this year the total topping capacity was 630,000 BSD but with the construction of two more refineries, i. e. Nichimo Oil Co. (17,000 BSD) and General Oil Co. (38,000 BSD) both at Kawasaki, together with the enlarging of the existing refineries which added another 29,320 BSD, the capacity by the end of this year has gone up to over 700,000 BSD. Fig 2. In the previous fixed bed type catalytic cracking unit, the avarage activity of the catalyst decreased when run continuously for a long period and reduced the relation of the reformate octane number and yield. In the Powerformer type, however, the catalyst whose activity has decreased is constantly regenerated, enabling the catalyst to be used in highly activated state which makes it possible to raise the octane number of re- The clear octane number of the reformate produced by Powerformer in Shimizu Refinery is said to be 98.3 (Research method) and the yield 72.4%. Table 3 gives the number of facilities as well as their capacities for making high octane gasoline as of the end of this year. The list also gives those expected to be completed in 1961 but as can be noted, the catalytic reforming forms the main body. The sulfuric acid alkylation is used at present for the production of aviation gasoline.
Although in the treatment of straight run gasoline, the sulfuric acid process, plumbite process, and copper sweetening process are still being used, last year one unit of Unisol was installed and another unit is being constructed. The adoption of UOP's Merox method is notable in that one of 6,000 BSD and one of 7,000 BSD has been completed at two refineries this year and four more is expected to be completed by next year (cf. Table 4) . By this method, for the oxidation of mercaptans, a special catalyst is used which does not require special construction materials which makes it possible to reduce the construction cost. The flow sheet is shown in Fig. 3 . In the future, when light straight run gasoline will be used as the component for gasoline blend, it is probable that this refining process will be used in many cases. The hydrodesulfurization process is most suitable for the pretreating of naphtha used as feed stock for reforming.
In This type is new in our country.
Koa Oil Co. to constructed a coking plant last year at their Marifu Refinery. This coking plant, designed by UOP, was a conversion of their thermal cracking plant into delayed coking plant (5,500 BSD). (cf. Fig. 4 ) The gas oil produced is used as feed stock for their catalytic cracking unit.
Although coking has been considered desirable from the standpoint of reducing sulfur in residual fuel oil, but coke with high sulfur content had limited use making it questionable to run such unit. When low sulfur crude is processed, however, good quality coke can be obtained and from the standpoint of increasing the middle distillate, this system is favorable.
The recovery of sulfur in the waste gas has long been studied from the standpoint of ill effect caused by pollution of air. Last year the Toa Nenryo's Wakayama Refinery constructed a sulfur recovery unit under the engineering supervision of Ralph M. Parson Co. Its capacity is 14.5t/day.
The lubricating oil production units are shown in Table 5 .
The Furfural process is most popular. The future refining process, now under research, is a counter current process using silica gel or clay, and hydrogenation process. 
Investment for Facilities
The investment for refining facilities has been very active. In 1959 the investment was 37 billion yen which is an increase of 55% against that of 1958 which was 21.3 billion yen. It is expected that the investment for the year 1960 will be 67.4 billion yen which would be 82.2 increase over the previous year. The break down of the investment would be 46.1 billion yen for lots both for the refinery and storage tanks, 19 billion yen for transporting and marketing facilities, and 2.4 billion yen for other constructions.
In order to meet the free trade competition, efforts are being made to expand refining and marketing facilities together with reclaiming of land for further expansion. For improvement of quality, the chief investments were the spending of 5.3 billion yen for the construction of catalytic cracker and catalytic reformer.
Future Problems
For crude oil, there is the Khafji Crude of Arabia Oil Co. to be considered . Should the production of this crude increase as planned, it is expected that a number of problem will arise on the source of crude to be refined .
In order to meet the future demand , numerous plans for the construction of new plants are being made. At present two plants are expected to be completed in the middle of this year namely, the Mizushima Refinery of Nippon Mining Co. (30,000 BSD) and Mizushima Refinery of Mitsubishi Oil Co. (22, 200 BSD) It will be noted that there is a strong tendency to plan refineries in combination with other related industries. The tie-up between refineries and electrical power plants, may be given an example of such a case where the refinery will supply the fuel oil to the power plant while the power plant will supply the electricity and steam to the refinery by means of pipeline. The tie-up between refineries and petrochemical plants are being announced in succession. By constructing a naphtha cracking unit near the refinery, a large scale grouping of factories are taking shape in which the olefin hydrocarbon and the aromatic hydrocarbon obtained by extraction from cracked gasoline will be used as raw material.
In fact it can be said that all plans for constructing of future plants have tie-ups in mind.
Some of the oil companies have plans to crack the naphtha at their own plant and further operate petrochemical plant of their own.
In the line of tie-ups there are rumors of tie-ups with steel mills. These various plans are believed to materialize in the next few years and it is expected that there will be a great change and development in the refining industries of Japan.
